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A polyester resin composition is calendered to produce a film or a sheet. The polyester resin composition is a polyester having a 
crystallization half time from a molten state of at least 5 minutes combined with an additive for preventing, sticking of the polyester - 
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POLYESTER RESIN COMPOSITIONS FOR CALENDERING 

CROSS REFERENCES TO RELATED APPLICATIONS 
This application claims the benefit of United States Provisional 
5 Application Serial No^ 60/078,290 filed March 17, 1998. 

TECHNICAL FIELD OF THE INVENTION 
This invention relates to the manufacture of film and sheet utilizing 
calendering processes, and more particularly to the use of polyesters in 
1 0 such calendering processes. 

BACKGROUND OF THE INVENTION 
Calendering is an economic and highly efficient means to produce 
film and sheet from plastics such as plasticized and rigid poly (vinyl 
15 chloride) (PVC) compositions. The films and sheets usually have a 

thickness ranging from about 2 mils (0.05 mm) to about 45 mils (1.14 mm). 
They are readily thermoformed into various shapes and are used for a wide 
variety of packaging applications. Calendered PVC film or sheet can be 
used in a wide range of applications including pool liners, graphic arts, 
20 transaction cards, security cards, veneers, wall coverings, book bindings, 
folders, floor tiles and products which are printed or decorated or laminated 
in a secondary operation. 

Japan Application No. Heisei 7-197213 (1995) to E. Nishimura et al. 
and European Patent Application 0 744 439 A1 (1996) to Y. Azuma et al. 
25 disclose the state of the art with regard to polypropylene resin compositions 
used in calendering processes. 

In a typical calendering process line, the plastic resin is blended with 
specific ingredients such as stabilizers to prevent thermal degradation: 
modifiers for clarity, heat stability or opacity characteristics; pigments; 
30 lubricants and processing aids; anti-static agents; UV inhibitors: and flame 
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calendering rolls. Also when the polyester is fed to the rolls at typical 
processing temperatures of 160°C to180°C, the PET polymer crystallizes 
causing a non-homogeneous mass which is unsuitable for further 
processing. The non-homogeneous mass causes undesirable high forces 
5 on the calender bearings. The tendency of polyester polymers to hydrolyze 
during processing in the molten or semi-molten state on rolls open to 
ambient conditions is also a concern. Typical PET polymers without the 
inclusion of process lubricants or internal release additives, also have a 
tendency to stick to the calendering rolls at typical processing 

10 temperatures. 

Conventional processing of polyesters into film or sheet involves 
extruding a polyester melt through a manifold of a flat die. Manual or 
automatic die lip adjustment is used to control thickness across a web of 
material.. Water-cooled chill rolls are used to quench the molten web and 

15 impart a smooth surface finish. A typical die extrusion process is shown in 
Figs. 2A and 2B. Extrusion processes while producing film and sheet of 
excellent quality do not have the throughput and economic advantages that 
are provided by calendering processes. 

Thus., there exists a need in the art for an efficient and economic 

20 process to manufacture polyester films and sheets as an alternative to 
extrusion processes. Accordingly, it is to the provision of such that the 
present invention is primarily directed. 

SUMMARY OF THE INVENTION 
25 A polyester resin composition for calendering comprises a polyester 

having a crystallization half time from a molten state of at least 5 minutes 
and an additive for preventing sticking of the polyester to calendering rolls. 
In another embodiment of the invention, a process for preparing a film or a 
sheet comprises the step of calendering such polyester resin composition. 
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Crystallization half times as defined by the present invention are 
measured using a Perkin-Elmer Model DSC-2 differential scanning 
calorimeter. Each sample of 15.0 mg is sealed in an aluminum pan and 
heated to 290°C at a rate of about 320°C/min for 2 minutes. The sample is 
5 then cooled immediately to the predetermined isothermal crystallization 

temperature at a rate of about 320°C/minute in the presence of helium. The 
crystallization half time is determined as the time span from reaching the 
isothermal crystallization temperature to the point of a crystallization peak 
on the DSC curve. 

10 Preferred polyesters comprise (i) at least 80 mole percent of a diacid 

residue component selected from terephthalic acid, naphthalene- 
dicarboxylic acid, 1 ,4-cyclohexanedicarboxylic acid, isophthalic acid or 
mixtures thereof and (ii) at least 80 mole percent of a diol residue 
component selected from diols containing 2 to about 10 carbon atoms and 

15 mixtures thereof. The diacid residue component is based on 100 mole 
percent, and the diol residue component is based on 100 mole percent. 

For the diacid residue component, any of the various isomers of 
naphthalenedicarboxylic acid or mixtures of isomers may be used, but the 
1 ,4, 1 ,5 2,6-, and 2,7- isomers are preferred. Also, cis, trans, or cis/trans 

20 isomer mixtures of 1 t 4-cyclohexanedicarboxylic acid may be used. 

Sulfoisophthaiic acid may also be used. The diacid residue component 
may be modified with minor amounts of up to about 20 mole percent of 
other diacids containing about 4 to about 40 carbon atoms and include 
succinic acid, glutaric acid, azelaic acid, adipic acid, suberic acid, sebacic 

25 acid, dimer acid and the like. 

For the diol residue component, the preferred diols include ethylene 
glycol, diethylene glycol, neopentyl glycol, 1 ,4-cyclohexanedimethanol and 
mixtures thereof. More preferably, the diol residue component is from 
about 10 to 100 mole percent 1 ,4-cyclohexanedimethanol and from about 

30 90 to 0 mole percent ethylene glycol. The diol residue component may also 
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available from Rohm & Haas). Antiblock and denest aids such as 
microcrystalline silica and erucylamide are also frequently used. 

Conventional oxidative stabilizers may also be used with polyesters 
of the present invention to prevent oxidative degradation during processing 
5 of the molten or semi-molten material on the rolls. Suitable stabilizers 

include esters such as distearyl thiodipropionate or dilauryl thiodipropionate; 
phenolic stabilizers such as IRGANOX 1010 available from Ciba-Geigy AG. 
ETHANOX 330 available from Ethyl Corporation, and butylated 
hydroxytoluene; and phosphorus containing stabilizers such as IRGAFOS 
1 0 available from Ciba-Geigy AG and WESTON stabilizers available from GE 
Specialty Chemicals. These stabilizers may be used alone or in 
combinations. 

Sometimes the melt viscosity and the melt strength of the polyester 
are insufficient for suitable processing on the calendering equipment. In 

15 these cases, the use of a melt strength enhancer is desirable such as by 
the addition of small amounts (about 0.1 to about 2.0 mole %) of a 
branching agent to the polyesters either during their initial preparation or 
during subsequent blending or feeding procedures prior to reaching the 
calendering equipment. Suitable branching agents include multifunctional 

20 acids or glycols such as trimellitic acid, trimellitic anhydride, pyromellitic 

dianhydride, trimethylolpropane, glycerol, pentaerythritol, citric acid, tartaric 
acid, 3-hydroxyglutaric acid and the like. These branching agents may be 
added directly to the polyester or blended with the polyester in the form of a 
concentrate as described in U.S. 5,654,347 and U.S. 5,696,176. It is also 

25 possible to use agents such as sulfoisophthalic acid to increase the melt 
strength of the polyester to a desirable level. 

In addition to the additives described above, other additives typically 
used with polymers may be used as desired. These include plasticizers. 
dyes 5 colorants, pigments, fillers, matting agents, antiblocking agents, 
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The resulting film or sheet 28 made from the polyester resin 
composition of the present invention has a uniform thickness that is 
produced by passing the polyester resin composition through the 
compressive nips between the heated rolls. In effect, the polyester resin 
5 composition is squeezed between the nips which separates the rolls. Each 
successive nip between the calendering rolls reduces in opening size to 
obtain the final film or sheet gauge. 

With reference to Fig. 2A and 2B, the prior art of die extrusion for 
producing polyester film or sheet utilizes a heated flat die 30. A polyester 

10 melt supplied from a screw extruder (not shown) enters the die 30 at the 

melt inlet 32. The melt is forced to flow uniformly across the width of the die 
30 by an internal distribution manifold 34. This uniform flow must continue 
through the die land 36 and the exit plane 38. The extruded web 40 of hot 
polymer is quenched on water-cooled rolls 42. Final gauge control may be 

1 5 made by adjusting a die lip. 

The present invention of calendering a polyester resin composition 
has some significant advantages over extrusion of polyesters as a method 
of film or sheet production. One significant advantage is the retention of 
inherent viscosity after calendering as compared to prior to calendering; As 

20 evident by the data in Table 2, the inherent viscosity of the polyester resin 
composition is retained at greater than 90 percent, more preferably 95 
percent. 

Other advantages include high production rates, good thickness 
control and suitability for long, continuous production runs. For example. 

25 modern PVC calendering processes, which would be analogous to the 

polyester calendering processes of the present invention, produce outputs 
in excess of 3000 kg/hr and sheets having a thickness tolerance of +/- 2% 
on 0.25 mm thick sheet. The sheets can have widths greater than 2500 
mm. This compares quite favorably over a typical sheet extruder for 

30 producing polyester film or sheet. The typical extusion process has outputs 
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Table 1 



Material Id 


Ex. 1 


Ex. 2 


Ex. 3 


Ex.4 


Ex.5 


Ex. 6 


Ex. 7 


Polyester A 1 


100.0% 


96.0% 




97.0% 


96.5% 


99.0% 


99.0% 


Polyester B d 






96.0% 










PARALOIDK175 J 




2.5% 


2.5% 


2.5% 


2.5% 






IRGANOX 
1010/DSTDP 4 




0.5% 


0.5% 


0.5% 




0.5% 


0.5% 


MYVEROL 1 806° 




1.0% 


1.0% 




1 .0% 






Zn Stearate* 5 












0.5% 




KENAMIDE S' 














0.5% 



Polyester A: Polyester containing an acid component of 100 mole % terephthalic acid 
and a glycol component of 31 mole % 1 ,4-cyclohexanedimethanol and 69 mole % 
ethylene glycol 

Polyester B: Polyester containing an acid component of 100 mole % terephthalic acid 
and a glycol component of 3.5 mole % 1 ,4-cyclohexanedimethanol and 96.5 mole % 
ethylene glycol. 

PARALOID K175 is an acrylic-processing additive available from Rohm & Haas. 

This is a mixture of IRGANOX 1010, which is a phenolic stabilizer available from Ciba- 

Geigy AG, and DSTDP, which is a distearyi thiodipropionate commonly available in the 

industry. The mixture is 0.3% the former and 0.2% the latter. 

MYVEROL 1806 is a glycerol monostearate available from Eastman Chemical 

Company of Kingsport, TN, which is used as an internal lubricant 

Zn Stearate is used as a slip additive. 

KENAMIDE S is a fatty acid amide available from Witco Corporation, which is used as 
a slip additive. 



The extruded compositions are then re-dried at 65°C for 8 hrs and 
20 sealed in metal lined bags to prevent moisture absorption. The 

compositions are then calendered into films having a thickness of 0.2 mm 
using an.automated measuring roll mill available from Dr. Collin Gmbh of 
Ebersberg, Germany at a set roll temperature of 165°C. Bearing force 
exerted on the rolls, roll torque, calenderability, weight average molecular 
25 weight, and polymer crystallinity are measured and summarized in Table 2 
and Figures 3 to 5. 
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Examples 1-7 demonstrated the feasibility of calendering polyesters. 
Polyester A was an amorphous polyester having a crystallization half time 
of infinity. Polyester B has a crystallization half time of less than 5 minutes 
and was not readily calendered. 

5 

Example 8 

Using the compounding procedure of Ex. 1, a polyester containing 
an acid component of 100 mole % terephthalic acid and a glycol component 
of 12 mole % 1 ,4-cyclohexanedimethanol and 88 mole % ethylene glycol 

0 (I.V. of 0.74) was compounded with 1 .0 weight % zinc stearate and 1 .0 

weight % MYVEROL 1806. The material was heated to its molten state of 
260°C and then transferred to a hot roll mill calender. The copolyester was 
calendered through compressive nips on the calender rolls to a final sheet 
thickness of 0.65 mm. This example demonstrated the feasibility of " 

5 calendering a polyester having a crystallization half time of 12 minutes. 
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CLAIMS 



1 • A polyester resin composition for calends 
tester having a creation half Z72 « • 
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6. The polyester resin composition of claim 4 wherein the diol residue 
component comprises from about 10 to about 100 mole percent 
1,4-cyclohexanedimethanol and from 90 to about 0 mole percent ethylene 
glycol. 

5 

7. The polyester resin composition of claim 1 wherein the additive is an 
internal lubricant, a slip agent or a mixture thereof. 

8. The polyester resin composition of claim 1 further comprising (c) an 
10 oxidative stabilizer. 

9. The polyester resin composition of claim 1 further comprising (d) a 
melt strength enhancer. 

15 10. A process for preparing a film or a sheet comprising the step of 

calendering a polyester resin composition comprising (a) a polyester having 
a crystallization half time from a molten state of at least 5 minutes and (b) 
an additive for preventing sticking of the polyester to calendering rolls. 

20 11. The process of claim 1 0 wherein the step of calendering, the 

polyester resin composition is passed through a compressive nip between 
at least two calendering rolls at temperatures of about 130°C to about 
250°C. 

25 12. The process of claim 10 wherein the step of calendering, the 

polyester resin composition is passed through a compressive nip between 
at least two calendering rolls at temperatures of about 140°C to about 
190°C. 
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20. The process of claim 1 0 wherein prior to the step of calendering, an 
oxidative stabilizer is added. 

21 . The process of claim 1 0 wherein prior to the step of calendering, a 
5 melt strength enhancer is added. 

22. The film or sheet of claim 10 wherein the polyester resin composition 
has an inherent viscosity retention of greater than 90 percent after 
calendering as compared to prior to calendering. 

10 

23. The process of claim 22 wherein the viscosity retention is greater 
than 95 percent. 

24. A film or sheet made by a process comprising the step of 

15 calendering a polyester resin composition comprising (a) a polyester having 
a crystallization half time from a molten state of at least 5 minutes and (b) 
an additive for preventing sticking of the polyester to calendering rolls. 

25. The film or sheet of claim 24 wherein the step of calendering, the 
20 polyester composition is passed through a compressive nip between at 

least two calendering rolls at temperatures of about 1 30°C to about 250°C. 

26. The film or sheet of claim 24 wherein the crystallization half time of 
the polyester is at least 12 minutes. 

25 

27. The film or sheet of claim 24 wherein the polyester is amorphous, 
having a crystallization half time of infinity. 
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28. The film or sheet of claim 24 wherein the polyester comprises (i) at 
least 80 mole percent of a diacid residue component selected from 
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terephthalicacid, naphthalenedicarboxylic acid, 1 ,4-cyclohexane- 
d,arboxy,ic acid, isophthaiic acid and mixtures thereof and (ii) at .east 80 
mole percent of a dio, residue component selected from dio.s containing 2 
> about 10 carbon atoms and mixtures thereof, wherein the diacio" 
component ,s based on 100 mo,e percent and the dio, residue component is 
based on 1 0O mole percent 'nponent is 

29. The film or sheet of claim 28 wherein me diol residue component is 
se ected from ethylene g , y co,, neopenty, glycol, diethylene glycol 

1 .4-cyclohexanedimethanol. and mixtures thereof. 

30. The film or sheet of claim 26 wherein the dio, residue component 

27 *"* 10 10 *°" 100 m ° ,e ^ ^^lohexane- 

d.methano, and from 90 ,o about 0 mole percent ethylene glycol. 

has a ^ *" ° r *** °' C ' aim 28 *"* ,he **«* ~»> ^Position 
has an inherent viscosity retention of greater man 90 percent after 
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